The CERN PS East Area provides secondary beams in the momentum range from 1 to 15 GeV/c for tests of LHC detector components (e.g. for the LHC experiments) and for physics experiments (such as HARP). This latter experiment requires high quality beams of very small size within tight tolerances. In the framework of the HARP beam commissioning, extensive optics studies have been made. Simultaneous measurements of Twiss parameters and emittance were used to obtain a set of initial parameters at the production target. The measurements were consolidated by detailed tracking simulations. This paper gives an overview of the optics design and beam study activities in the T9 beam line of the PS East Area and compares measurements and simulation results.
INTRODUCTION
Since its renovation in 1997 the CERN PS East Area provides secondary beams in the momentum range from 1 to 15 GeV/c and a primary proton beam of 24 GeV/c. There are two targets present in the area, one feeding three secondary branches, "9, TI0 and T11 and one feeding secondary channel Ti'. Typical intensities are of the order of IO6 particles per spill of about 300 ms and per channel. For each secondary line the momentum selection is done with the help of a horizontal collimator in a dispersive region. The beam intensity can be adjusted with a vertical ("intensity") collimator.
1.1
In the framework of the neutrino factory study, several design options are being discussed for the proton driver, ranging from a 2.2 GeV super-conducting H -linac to a 16 GeV rapid-cycling proton synchrotron. To take a decision, the overall pion production yield at the energies in question has to be known to a precision better than the 50 % uncertainty available from current Monte Carlo generators.
The HARP experiment [l] is located in the 90 m long extended T9 beam line [2] which consists of the original line [3] and an additional quadrupole doublet at the end to cope with the required beam conditions. HARP aims at a 5 % precision of the overall pion yield from a second target located at about 80 m. To achieve this, HARP needs small secondary beam sizes under stable conditions in a momentum range between 1.5 and 15 GeV/c. The particles generated at the first target are mainly charged pions and kaons but the beam of course contains a strong component of scattered protons. HARP detector components imposes important constraints on the horizontal and vertical beam size at several places along the line. Further constraints are given by the local aperture of the magnetic elements and the need to have a reasonably small beam at the momentum collimator and profile monitors. Figure 1 shows the horizontal and vertical @-functions along the T9 beam 1ine.The solid line at about 57 m denotes the first detector components, the line at about 78 m the final focus. Since the T9 beam is generated by a target, Twiss parameters and emittance at the entrance of the line are unknown. The initial design is therefore based on geometrical assumptions for the initial parameters (with a 5 mm diameter target, considering distance and aperture of the first quadrupole), which are finally determined by the acceptance of the transport channel. Measurements and simulations for this purpose are discussed in detail in the following section.
OPTICS STUDIES

Simulation
The theoretical acceptance of the line can be determined by extensive tracking. The MAD program [4] was used to propagate a large uniform distribution of initial particle positions through the line (covering an area larger than the target cross-section). Figure 2 shows the resulting horizontal and vertical particle positions as function of distance from the beginning of the line for accepted tracks. The phase space distributions of these particles at the entrance of the line are shown in Fig. 3 . The left hand plot shows the horizontal, the right hand plot the vertical phase space representation of the initial coordinates. The ellipses indi-0-7803-71 9 1-7/01/$10.00 02001 E E E . larger than those calculated from geometrical constraints (see Fig. 1 ) but show the same aspect ratio.
Measurement
Simultaneous measurements of Tbiss parameters and emittance were performed with "scans" of quadrupole gradients. In this method, the beam size is measured with profile monitors (multi wire proportional chambers, MWPCs, in the case of T9) as function of the quadrupole gradient. The beam size at a given point is described by 
OPERATIONAL ASPECTS
The operation of the HARP experiment requires comparable beam conditions over the full momentum range. This is made difficult by the increase in multiple Coulomb scattering at lower momenta. Several detectors are placed in the beam line (for example time-of-flight scintillators) and the beam has to pass through air. This leads to an emittance blow-up caused by multiple scattering. This emittance increase is given by [5] scattering angle [6] = 13.6 z -
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In this equation, XO is the radiation length, z, p and p are the charge state, total momentum (in MeV/c) and velocity of the incident ion relative to the speed of light. Figure 5 shows the estimated accumulated (normalised) emittance blow-up (Ae) as function of position in the beam line. Horizontal and vertical emittance blow-up are shown for a momentum of 15 GeV/c. The significant increase in horizontal emittance due to scattering in a high-@ region is clearly visible. As a consequence, the amount of material in the beam path was reduced and the most disturbing scatters moved to a place of lower p. As a result, the beam size contribution from scattering was reduced by about a factor two.
To survey beam quality and steering, the HARP experiment is equiped with its own MWPCs. 
SUMMARY
The original T9 beam line has been extended by adding one quadrupole doublet to meet the.tight beam size requirement of the HARP experiment, especially at low momenta where the beam suffers the harmful effect of multiple scattering. Additional constraints such as apertures and the limited strength of existing quadrupoles need also to be considered. The design of the new T9 optics has been verified by extensive tracking using Monte Carlo techniques to derive the acceptance of the channel. Monte Carlo simulations and classical optics design, based on matching with geometrical assumptions for initial parameters, yield both symmetric beta-functions at the entry of T9 line. Experimental results obtained during the commissioning phase of the beam line, after fine tuning and better positioning of some equipment along the line, showed that the beam sizes at all the requested momenta remain within the tolerances of the HARP experiment.
